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(I) Preamble
We briefly summarize the physics goals, experimental scope, status and schedule for the PHENIX muon trigger upgrade (MTU) project. We present information and results from documents that are available online
,
,
. The PHENIX muon trigger upgrade will enable measurements of spin asymmetries in W-production. 
The muon trigger upgrade has two components: (1) RPC trigger stations to be inserted in the PHENIX muon spectrometers. (2) New trigger front-end electronics for the existing muon tracking chambers (muTr). Production and installation of the muTr trigger electronics is underway. The assembly line for the RPC detectors has been completed and tested successfully with three full size prototypes. RPC production will start in December 2008 and be completed in January 2010.  
(II) Physics: Nucleon Spin Structure
Parity violating W production in polarized proton-proton collisions at RHIC probes quark and anti-quark helicity distributions in the proton. The present interest in the study of nucleon spin structure goes back to the 1988 EMC discovery that the integral quark spin contribution to the nucleon spin appears to be small. Today the two EMC publications remain among the 10 most cited experimental results in particle and nuclear physics in SPIRES. A broad experimental program has been carried out at SLAC, CERN, DESY and Jefferson Laboratory to determine the total quark spin contribution with better precision and to measure the quark helicity distributions as function of the Bjorken scaling variable x. These data sets constrain the spin dependent up-quark distribution Δu(x) with good statistical precision and to a lesser extend Δd(x).  
Measurements of single longitudinal spin asymmetries ALμ+/-(pT) for leptons in W-production at RHIC provide a new elegant tool to directly measure the quark helicity distributions, Δu(x,Q2), Δd(x, Q2), Δū,(x,Q2), Δđ(x,Q2) at a high scale, Q2=6400 GeV2/c2. A theoretical framework (from first principles) for the extraction of the quark and anti-quark helicity distributions from inclusive lepton asymmetries is available
. A discussion of W-physics at RHIC can be found in section 5.2 of the RHIC spin planiii and in more detail in section 1.2 of the W-appendixiv to the RHIC spin plan.
(III) The Experimental Challenge
In its original design the PHENIX detector has been optimized for heavy ion physics and proton-proton comparison running at luminosities up to L=1x1031cm-2s-1. Experimental challenges for W-physics arise from extending the muon triggering capabilities to L= 1.6x1032cm-2s-1 (corresponding to a collision rate of 9.6 MHz at √s=500 GeV) and from using the muon tracking system for momenta above pT = 20 GeV/c.
In section (VI) we summarize Monte Carlo simulations that demonstrate that the upgraded trigger system exceeds the required rejection power of 10000 and in section (VII) we report results from detailed tracking studies: (a) backgrounds in the offline analysis can be sufficiently suppressed with a signal to background ratio of S/B=3:1. (b) Charge separation extends to the highest momentum with high efficiency. These results are also discussed in sections 3.2.1 (trigger rejection), 3.2.2 (offline background), 3.2.3 (tracking) and 3.2.4 (W-signal studies) of the W-appendix to the RHIC spin planiv. 
Similar to UA2, PHENIX (and STAR) is not a hermetic detector and the successful analysis of W-physics depends strongly on detailed knowledge of the backgrounds. The general approach for asymmetry measurements in W-production at RHIC was formulated in collaboration with our colleagues from STAR in the course of a topical RBRC workshop on W-physics at RHIC
: W- and Z- cross sections are known experimentally and from first principles. With RHICBOS
, a suitable event generator is available. An initial measurement of W- and possibly Z-cross sections will lead to a detailed understanding of detector backgrounds, efficiencies and acceptances. The cross section measurements will facilitate the development of a mature Monte Carlo description of the detector and backgrounds. Knowledge of backgrounds and a reliable Monte Carlo then can be used to measure the large spin asymmetries (up to 50%) in W-production. 
(IV) Scope of the MTU
The muon trigger upgrade includes two stations for bakelite RPC detectors in each muon arm (RPC 1 and RPC 3) and new trigger electronics cards (muTrig) added to the existing front end electronics boards of the muon tracking chambers (muTr). Processing of muTr and RPC information is carried out by fast FPGA trigger processor boards that communicate the muon trigger output to the global level 1 trigger boards as primitives for the final trigger decision.

Compared to the conceptual design report of June 2007 we have reduced the number of RPC stations in each muon arm from 3 to 2 and increased the number of muTr stations instrumented with trigger electronics from 2 to 3. This decision results from cost increases by foreign vendors of RPC components in Italy, Korea and China. The new proposed configuration has been studied carefully in Monte Carlo and will provide the following critical functionality for W-physics in PHENIX:
   (1) RPC and muTr tracking information to reject low momentum muons leading to a trigger  

         rejection exceeding the required factor of 10000.
   (2) RPC timing information (~3 ns resolution) to reject beam related backgrounds.

   (3) Correlation of event and proton beam polarization information based on RPC timing.

   (4) Rejection (factor 10) of cosmic ray background based on RPC timing to about 10% 
        of the W-signal.
The latest results for the trigger rejection both for collision related backgrounds and beam backgrounds are presented in section VI.

In addition to the MTU the W-physics program in PHENIX requires a hadron absorber to reduce the offline background from low momentum decay muons falsely reconstructed with high transverse momentum. This background does not affect the trigger performance and the absorber is not part of the MTU project. However, we have taken into account the impact of the absorber in our trigger performance studies; see section VII for a discussion of off-line backgrounds.
(V) RPC Technology Choice
The choice of RPC technology for the PHENIX muon trigger project has been determined by the following requirements:

   (1) Timing resolution to reject beam related backgrounds, goal: 3ns.
   (2)  Rate capability above 500 Hz/cm2.
   (3)  Radiation hardness needed for the RHIC environment.
   (4) Well established technology that can be manufactured in large quantities with consistently  

         high quality standards at low cost.
   (5) Ability to integrate detector stations into the limited available space.
We have decided to rely on bakelite RPC technology developed for the CMS muon trigger at the LHC. CMS bakelite RPCs can operate with high efficiencies at background rates well above        1 kHz/cm2. The intrinsic timing resolution of the RPCs is about 1.5 ns. In PHENIX the overall timing resolution results from the 2.5 ns binning used by the low cost TDCs developed for the RPCs.
Production facilities that manufacture large areas of RPC gaps with consistently high quality standards at low cost exist in Italy and in Korea. The MTU in PHENIX has been joined by a strong group from Korea University. The group is operating the detector laboratory (KODEL) at Korea University that has been the production site of the muon trigger bakelite RPCs for the CMS end-cap. The PHENIX RPC will be manufactured using the same materials, construction and assembly procedures that were used for the CMS detectors. 
The radiation hardness of the CMS RPCs was carefully evaluated for their application at the LHC. Requirements concerning background rates and radiation hardness at the LHC far exceed the requirements for RHIC applications. For application in PHENIX we rely on the CMS choice of materials and construction procedures so that results from CMS radiation hardness studies remain valid.
Alternative solutions considered but rejected include scintillator hodoscopes (rejected based on cost and integration issues) and glass RPCs (rejected based on cost and rate capability). 
(VI) Trigger Rejection
The current first level muon trigger is based on a sandwich of iron absorber walls and streamer tube based muon systems, the so-called muon identifier (muID). The muID based level 1 trigger accepts muons with momenta above approximately 2 GeV/c. The muID trigger rejection power depends on the level of beam backgrounds and varies between 200 and 500. For the W-physics program the collision rate will increase to about 10 MHz. The expected trigger rate of the existing muID trigger will be 20 kHz – 50 kHz. However, the bandwidth available for the single muon trigger is only about 1-2 kHz. 
Rejection of Collision Related Background

The rate of the muID single muon trigger is dominated by muons from hadron decays. We have carried out detailed Monte Carlo simulations of the performance of the proposed trigger. The trigger idea is to reject low momentum decay muons by requiring straight tracks passing through the two RPCs and the muTr stations. The simulations take into account anticipated noise rates both for the RPCs and the muTr. We find that the muon trigger rejection reaches about 12000 for angular displacement of less than 3 degrees in azimuth between RPC stations through the muon spectrometer magnet and about 18000 for angular displacements of less than 2 degrees. If we take into account the presence of a 10 cm (30 cm) Cu absorber the trigger rejection rates increase to 26000 (50000) and 35000 (65000) respectively. The simulations were updated including the latest trigger configuration with two RPC stations and 3 muTr stations contributing to the trigger decision. We also have studied the impact of the relative alignment between the various detectors. The rejection factors stated above are strictly for the rejection of collision related products and do not make use of the timing information from the RPCs.
Rejection of Beam Related Background

The present muon spectrometers do not provide timing information and beam related backgrounds to the trigger are currently suppressed by requiring a coincidence between muon and collision triggers. Unfortunately, the collision trigger will not provide significant rejection after the luminosity increases for the W-physics program since we expect one proton-proton collision for every bunch crossing on average. Once the muon trigger upgrade will be completed however, beam backgrounds will be eliminated based on RPC timing information and the momentum cut from the upgraded muon trigger. 
The rate of high momentum beam background in the muon trigger rate was measured with the muon spectrometers for pbeam = 100 GeV/c. The rate of beam background tracks with p>10 GeV/c was found to be about 60Hz at a luminosity of 1x1031cm-2s-1. Measurements of the time dependence of beam backgrounds suggest that the RPC timing cut will reduce the beam background by a factor 2 for the highest momentum background tracks and by more than a factor 10 over all momenta. Extrapolated to a luminosity of 1.6x1032cm-2s-1 the measured background rates translate to background rates between 10 - 120 Hz, depending on the impact of the timing cut. This estimate does not take into account the higher beam energy, pbeam = 250 GeV/c for the W-physics program. As beams sizes decrease with beam energy, backgrounds are expected to be lower.
(VII) Offline Backgrounds
Backgrounds at the trigger level are dominated by muons from hadron decays upstream of the central magnet yoke steel. The central magnet yoke acts as hadron absorber positioned upstream of the muon spectrometers. In the off-line analysis however, other backgrounds will play an important role. While these backgrounds do not affect the trigger performance we have focused much attention on these backgrounds. We have found that 1-2% of hadrons with low momentum punch through the central magnet yoke. A small fraction of these hadrons decay into muons in the spectrometer magnet volume such that they mimic a high momentum track. We have carried out very detailed Monte Carlo simulations that show fake high pT tracks as the dominating source of the off-line background. After best cuts this background would dominate the W signal with S/B=1:3. We therefore have concluded that an additional hadron absorber, Cu or Pb, of 2 nuclear interaction length thickness will be needed to improve the signal to background ratio to S/B=3:1. We are presently preparing for the installation of an absorber prototype that will cover one octant of the south muon spectrometer during the 2009 run. The absorber prototype tests will serve to determine the impact of the absorber on the heavy ion physics program and final decisions concerning the absorber will be based on the test results.
A second important background is from high momentum cosmic rays that travel through the muon spectrometers and pass sufficiently close to the interaction region so that they cannot be removed with a vertex cut. We have evaluated rate and momentum distribution of the cosmic ray background with a six week long cosmic ray test run in 2007. We found that the combination of RPC timing and cuts rejecting high momentum tracks that pass through both detectors reduce this background to about 9.8x10-5 Hz for tracks with pT > 20 GeV/c.  This rate results in a background of 530 tracks with large transverse momentum in 30 week runs with an overall duty factor of 30%. This will be slightly more than 10% of the W-signal data sample (depending on luminosity!).
Finally we have studied the fraction of high momentum muon tracks that get identified with the wrong charge sign. For muons with pT = 40 GeV/c we find that 96% of the tracks are reconstructed with the correct charge sign and for muons with pT = 80 GeV/c this number is 88%.
(VIII) Resources
The RPC construction cost is funded through a NSF-MRI of $2 million and institutional contributions of about $0.3 million. The muon tracker trigger boards are funded through a JSPS grant of $2.0 million. We estimate the in-kind contribution from Korea University to $0.5 million as the cost to re-create the RPC production line at the University of Illinois in Urbana (assuming ready to use engineering drawings for the different machines developed by Korea University). For the RPC construction $993k have been spent or committed and the estimated cost to completion for RPC construction is $1.3 million.
The project is carried out by 89 collaborators from 18 institutions in China, Japan, Korea and the United States. In 2008 the total manpower available to the project is ~33 FTE. Support for personnel for the RPC project comes from US-Universities (17%), grants at US-Universities (28% NSF, 15% DOE-spin, 12% DOE-heavy ion) and foreign sources (28%). We project that the support for detector operations and physics analysis from FY 2012 will be about 28 FTE/year.
Current Status, RPC: The RPC assembly factory at BNL has been completed. We have assembled detector modules for three full size RPC half octants. Two half octants (prototype D) will be installed in October and their performance will be tested in PHENIX during run 9. Prototype D represents a successful test of the RPC detector production line: bakelite from Pan-Pla in Italy, RPC gas gaps from KODEL/Korea University in Seoul, detector mechanics and signal planes from CIAE in Bejing and assembly + Q&A in the RPC assembly factory at BNL. The start of RPC gas gap production at KODEL is scheduled for December 5th, 2008. 
Current Status, muon tracker trigger boards: The production of the muTr trigger boards is ongoing. Installation in the north muon spectrometer is underway and will be completed during the 2008 shutdown. 
(IX) Schedule

We summarize briefly the installation schedule. Installation of detector components takes place in the summer and fall months between subsequent RHIC runs. The north arm will be ready for W-physics in the fall of 2009 for run 10. The south arm will be ready for W-physics in the fall of 2010 for run 11. Finally, the installation of RPC 1 in 2011 will give maximum acceptance in the muon arms for W-physics.
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	muTrig Installation
	RPC Installation
	Absorber
	comments

	2008
	Stations 1-3 north
	Prototype D
	Prototype
	

	2009
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	RPC 3 North
	North
	North ready

	2010
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	RPC 3 South
	South
	South ready

	2011
	complete
	RPC 1 South+North
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� All input for the BNL review of the MTU project, including a copy of the CDR is located at � HYPERLINK "http://www.npl.uiuc.edu/phenix/upgrade/" ��http://www.npl.uiuc.edu/phenix/upgrade/�. 


� RHIC spin plan � HYPERLINK "http://spin.riken.bnl.gov/rsc/report/spinplan_2008/spinplan08.pdf" ��http://spin.riken.bnl.gov/rsc/report/spinplan_2008/spinplan08.pdf�. 


� W-appendix to the RHIC spin plan � HYPERLINK "http://spin.riken.bnl.gov/rsc/report/spinplan_2008/Appendix/AppendixD.pdf" ��http://spin.riken.bnl.gov/rsc/report/spinplan_2008/Appendix/AppendixD.pdf�.


� Single spin asymmetries with weak bosons at RHIC P.M. Nadolsky, � HYPERLINK "http://www.slac.stanford.edu/spires/find/wwwhepau/wwwscan?rawcmd=fin+%22Yuan%2C%20C%2EP%2E%22" �C.P. Yuan�, Nucl.Phys.B666:31-55,2003.


� W. Vogelang (BNL),  M. Grosse Perdekamp (UIUC), B. Surrow (MIT), Workshop on Parity Violating Asymmetries at RHIC, � HYPERLINK "http://thy.phy.bnl.gov/~vogelsan/alws/agenda.html" ��http://thy.phy.bnl.gov/~vogelsan/alws/agenda.html�, BNL, April 26+27, 2007.


� The RHICBOS event generator � HYPERLINK "http://hep.pa.msu.edu/resum/description/rhicbos/" ��http://hep.pa.msu.edu/resum/description/rhicbos/�.
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